Biomass-burning (BB) aerosols, acting as cloud condensation nuclei (CCN), can influence cloud microphysical and radiative properties. In this study, we present CCN measured near the BB source regions over northern Southeast Asia (Doi Ang Khang, Thailand) and at downwind receptor areas (Lulin Atmospheric Background Station, Taiwan), focusing exclusively on 13-20 March 2013 as part of 2013 spring campaign of the Seven SouthEast Asian Studies (7-SEAS) intensive observation. One of the campaign's objectives is to characterize BB aerosols serving as CCN in SouthEast Asia (SEA). CCN concentrations were measured by a CCN counter at 5 supersaturation (SS) levels: 0.15%, 0.30%, 0.45%, 0.60%, and 0.75%. In addition, PM 2.5 and black carbon mass concentrations were analyzed by using a tapered element oscillating microbalance and an aethalometer. It was found the number-size distributions and the characteristics of hygroscopicity (e.g., activation ratio and κ) of BB aerosols in SEA have a strong diurnal pattern, and different behaviors of patterns were characterized under two distinct weather systems. The overall average κ value was low (0.05-0.1) but comparable with previous CCN studies in other BB source regions. Furthermore, a large fraction of UV-absorbing organic material (UVBC) and high Delta-C among BB aerosols were also observed, which suggest the existence of substantial particulate organic matter in fresh BB aerosols. These data provide the most extensive characterization of BB aerosols in SEA until now.
INTRODUCTION
Biomass-burning (BB) activity is a major contributor to global fine particles and particle precursors (Crutzen and Andreae, 1990; Andreae et al., 2004; Aiken et al., 2010) . BB aerosols have gained attention because of their significant role on modulating Earth's radiation budget and their contribution to the uncertainty of the aerosol effect on climate change (Bates et al., 2006) . In addition to aerosol's direct radiative effects, such as backscattering and absorption of solar radiation (Bhawar and Rahul, 2013; Wang et al., 2015; Sayer et al., 2016; Pani et al., 2016a, b) , BB aerosols also have indirect influence on the radiation budget and the regional water cycle by acting as cloud condensation nuclei (CCN). Activation of aerosol particles as CCN is a crucial factor for the dynamical and microphysical evolution of clouds (Andreae and Rosenfeld, 2008; Adesina et al., 2016) . Model simulations have demonstrated that BB aerosols are a major global source of CCN (Pierce et al., 2007; Spracklen et al., 2011) .
The main parameters governing CCN activation and initial cloud droplet growth are the number, size, and hygroscopicity of aerosol particles, as well as updraft velocity at the cloud base and the resulting water vapor supersaturation (SS) (Reutter et al., 2009) . In other words, CCN activity revealed in terms of Activation Ratio (AR) is strongly related to the physical and chemical properties of aerosols (Martin, 2000) . AR is the ratio of the number concentrations of CCN (N CCN (SS)) to CN (N CN ) at different SS levels. The number fraction of CN activated to CCN at a specific SS (AR(SS)) is determined as:
(1) Petters and Kreidenweis (2007) proposed a simple way to describe the effect of chemical composition on the CCN activity, κ, which is based on the Köhler theory. 
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where M w is the molecular weight of water, σ s/a is the surface tension of the interface between the solute and air, R is the universal gas constant, T is temperature, and ρ w is the density of water. The activation diameter (D act ) for a specific SS value can be estimated:
where N(D) is the dry particle size distribution (PSD), and D 0 is the lower bound of the dry PSD. Previous field and laboratory studies on BB aerosols have found that their properties are directly related to their biomass materials, combustion phase, and degree of aging status (Reid et al., 2005) . Early laboratory studies conducted by Hallett et al. (1989) and Dinh et al. (1992) showed that the CCN's AR of BB aerosols from flame burning is higher than that from smoldering. Wardoyo et al. (2007) and Reid et al. (2005) reported that the count-median-diameter (CMD) of particles produced from flame burning is larger than that from smoldering and suggested that size is an important factor for CCN activation. On the other hand, Carrico et al. (2010) attributed the difference in CCN activation ratios of flaming and smoldering aerosols to their different chemical compositions. In their laboratory work, smoldering aerosols have a relatively low κ value and a higher mass fraction of organic carbon. Furthermore, the type of biomass fuel could greatly influence CCN activity. Petters et al. (2009) experimentally observed a high variation of activity of CCN in BB aerosols emitted from 24 different biomass materials. They reported that the κ value can vary from 0.02 (weak hygroscopicity) to 0.8 (high hygroscopicity).
For field study near BB source regions, Lathem et al. (2013) conducted flight measurements and showed that fresh BB aerosols had a CCN's AR (AR = 0.89, SS = 0.55%) higher than the aged BB ones (AR = 0.35, SS = 0.55%). However, the latter had a higher κ value (0.24 ± 0.10) than that for the former (0.11 ± 0.04). A smaller range of particle size distributions explained the lower CCN activation ratio of aged BB aerosols, which was a result of wet-deposition loss and heterogeneous chemical reactions during transport. On the other hand, Pratt et al. (2011) showed that fresh BB aerosols contained a lower mass fraction of hygroscopic materials such as sulfate and nitrate, which increase with aging. Therefore, the increase in hygroscopicity of CCN in aged BB aerosols is expected. Engelhart et al. (2012) reported a chamber study for simulating the aging process of BB aerosols by exposing it to UV light. The κ value prior to photochemical aging varied widely (between 0.06 and 0.6), whereas it converged to 0.2 ± 0.1 within a few hours of exposure to UV light. This change is attributed to the formation of secondary organic aerosol (SOA), which has low hygroscopicity (κ = 0.11). All of the aforementioned experimental results and field observations showed the complexity and capabilities of BB aerosols acting as CCN, and also revealed the need to characterize further BB aerosols in both BB source regions and receptor areas.
Most of the reported ground or flight measurements on BB aerosols were performed in Africa (Anderson et al., 1996; Le Canut et al., 1996; Haywood et al., 2003; Posfai et al., 2003) , North America (Levine 1996; Clarke et al., 2007) , and South America (Anderson et al., 1996; . The previous studies more focused on physical, chemical and optical properties of BB aerosol (Heil and Goldammer, 2001; Corrigan et al., 2006; See et al., 2006) but very few studies investigated the CCN activity in SEA, which is considered as one of the major source regions in the world of biomass-burning activities (Duncan et al., 2003; Streets et al., 2003) . The 2013 7-SEAS/BASELInE (Seven SouthEast Asian Studies/Biomass-burning Aerosols & Stratocumulus Environment: Lifecycles and Interactions Experiment) Lin et al., 2014) campaign has been the most extensive campaign for characterizing the physical and chemical properties of BB aerosols in SEA. This study was part of the 2013 spring 7-SEAS/BASELInE campaign that the PSD and characteristics of hygroscopicity (e.g., AR, D act , κ) of BB aerosols in SEA near the source regions are presented. PM 2.5 , and black carbon (BC) mass concentrations were also measured. All of the measurements we report herein were performed on 13-20 March 2013, which falls within the dry season in Thailand, during which BB events are serious. No previous studies on particle number-size distributions and CCN characteristics have yet been made in SEA, as well as comparing the different levels of hygroscopic ability near the source regions and receptor areas.
METHODS

Observation Sites
Experiments were conducted at two different sites, namely, the Doi Ang Kang meteorology Station (DAK; 19.93°N, 99.05°E, 1536 m above sea level) and the Lulin Atmospheric Background Station (LABS; 23.47°N, 120.87°E, 2862 m a.s.l.), as shown in Fig. 1 . Data collected at both sites covering the period from 1 March to 8 April 2013. DAK is located in the northern part of Thailand and is close to the border between Thailand and Myanmar, in which the local residents annually burn fields in the area to clear it for agriculture during the dry season from late February to mid-April. DAK is an excellent site for investigating the characteristics of BB aerosols near the source regions. Located at the middle of Taiwan, LABS is a high-elevation baseline station in East Asia. With the main traffic roads ~2 km away, the high altitude of LABS in the freetroposphere avoids direct influence of local pollutions.
In this study, the time of 13-20 March 2013 was selected as "golden days" for detailed data analyses as DAK was affected by two different weather systems in the early and late stages of this period. During March 13 to 16, the prevailing wind changed from northerly to southwesterly, with wind speed of about 2-5 m s -1 , which implies DAK was at junction of different weather systems. Weather maps (cf. Fig. S1 ) also indicate that DAK was covered by a low-pressure system on March 12. A Siberian-Mongolian high-pressure cell over China moved southwardly and countered DAK on March 13. During March 14 and 15, DAK was on the edge of a high-pressure system. On March 15 one low pressure in the north moved toward DAK and covered on DAK from March 16 to 19. The prevailing wind was southwesterly with higher wind speed about 5-10 m s -1 during the late period.
Instrumentation
NASA's SMART (Surface-sensing Measurements for Atmospheric Radiative Transfer, cf. http://smartlabs.gsfc. nasa.gov) mobile laboratory was deployed at DAK for remote sensing and in-situ measurements. In addition, SMART also hosted various aerosol microphysics probes from National Central University in Taiwan. As shown in Fig. 2 , the inlets are 2 meters above the roof of a sea container. Total height is 4.5 meters. The day time RH of ambient air measured during the campaign was about 40%. Instruments zero-air test length and intercomparison tests completed before, during and after the campaign are listed in Table S1 . CCN activity was measured by two different systems: a cloud condensation nuclei counter (CCNc) and a scanning mobility particle sizer (SMPS). The CCNc (CCN-100, Droplet Measurement Technologies) utilizes thermalgradient technique to quantify the CCN concentration at different supersaturation levels and was operated at 0.5 L min -1 . The ambient dry PSD were measured by using a SMPS (model 3936, TSI) composed of an electrostatic classifier (3080, TSI), a differential mobility analyzer (3081, TSI), and a water-based condensation particle counter (CPC; 3787, TSI). The SMPS was operated at sheath flow of 3.0 and aerosol flow of 0.6 L min -1 to obtain the size range of 13.3 to 749.9 nm. The mass concentration of PM 2.5 was measured by using a tapered element oscillating microbalance (TEOM; 1400a, R&P Inc.) with its sampling flow heated to 50°C to remove water and semivolatile species. An aethalometer (AE31, Magee) was used to estimate the BC mass concentration at a flow rate of 4.0 L min -1 . The receptor site, LABS, had two aerosol measurement systems. One is a long-term observation system composed of a CPC (3010, TSI), a TEOM (1400a, R&P) and an aethalometer (AE-31, Magee). The other is an intensive-observation-period (IOP) system, employed at a certain observation period, included a CCNc (CCN-100, Droplet Measurement Technologies) and a SMPS composed of an electrostatic classifier (3080, TSI), a differential mobility analyzer (3081, TSI), and a butanol-based CPC (3010, TSI).
Data Processing and Analysis
The CCN concentration for each of the five SS levels (0.15%, 0.30%, 0.45%, 0.60%, and 0.75% for DAK; 0.14%, 0.21%, 0.28%, 0.42%, and 0.57% for LABS) was measured for 12 min. Data points of the first and last two minutes were discarded because of the unstable temperature gradient. SMPS was operated for a 240 sec upscan and a 60 sec downscan at a sampling cycle of 6 min. Each data point from the TEOM and AE-31 was recorded every 30 and 5 min, respectively. Data resolutions of all instruments at both DAK and LABS were identical, and the reported data were adjusted and averaged to a 1 hr time resolution for further data analysis.
RESULTS AND DISCUSSION
Time Series of CN Concentration, Geometric Mean Diameter (GMD), and CCN Activity # cm -3 , and the average value with one standard deviation was 13566 ± 6899 # cm -3 . For the BB aerosols in the Amazon region, the average CN concentration reported by Rissler et al. (2006) was 10440 ± 6570 # cm -3 , which is about the same magnitude of what have been observed in this study. As seen in the figure, the CN concentration before March 17 was relatively stable (in the order of 10 4 ) and starts to gradually rise up after that. Meanwhile, the overall GMD gradually decreased as the CN increased because of an increase in CN concentration in the BB source region. It is because, near the BB source region, the rise of CN concentration potentially indicates the increasing of number of neighboring fire events, which is evidenced by the fire counts recorded by Terra and Aqua (Fig. S2 ). In addition, the small GMD values also reflect the "freshness" of the measured BB aerosols. However, the daily minimum GMD did not always correspond to the daily maximum CN concentration. For example, at 17:00 p.m. on March 18, the CN concentration reached the maximum value of 36845 # cm −3 , while the GMD (94.3 nm) was slightly higher than the daily minimum GMD of 81.1 nm at noon. This phenomenon is attributed to the partial coagulation of particles resulting from the high BB aerosol concentration from the burning events. In the intensive review of BB aerosols by Reid et al. (2005) , many studies have found that the size of BB aerosols increase significantly within 30 to 90 min after emission because of particle coagulation. The particle coagulation rate is affected by several environmental factors such as temperature and ambient pressure, as well as particle size and concentration (Reid et al., 2005) . further identified the particle growth rate due to coagulation is about 10 nm/45 min for BB aerosols with a concentration of 1.5  10 5 # cm -3 in Brazil. When the concentration drop down to 5000-10,000 # cm -3 , the growth rate drastically dropped to ~15-30 nm day -1 . In addition, the minimum and maximum GMD recorded in DAK after March 17 were 81.1 nm and 126.0 nm respectively, which were just very close to the CMDs of fresh and aged BB aerosols (83 ± 13 nm and 127 ± 6 nm, respectively) measured by Wardoyo et al. (2007) in Northern Territory, Australia. The behavior of the time series curves for CCN concentrations in DAK was similar to that of the time series curves for CNs. Maximum values recorded when SS = 0.3% and 0.6% were 8245 and 13132 # cm -3 , respectively, and also occurred around 17:00 p.m. on March 18. In addition, the average values with one standard deviation are 4754 ± 1392 # cm -3 (SS = 0.3%) and 6821 ± 2271 # cm -3 (SS = 0.6%). Fig. 4 shows the time series curves of CCN ARs in DAK. Throughout the week, the average ARs when SS = 0.3% and 0.6% were 0.40 ± 0.13 and 0.56 ± 0.16, respectively. Although the maximum CCN concentration was attained on March 18, the corresponding AR was minimal. Moreover, we observed that the overall trend of the AR gradually decreased and was somewhat similar to the trend of GMD shown in Fig. 3 . This decrease may reveal that the BB aerosol was relatively "fresh", and the fresh BB aerosols generally have low hygroscopicity (Andreae and Rosenfeld, 2008; Engelhart et al., 2012; Lathem et al., 2013) . Nevertheless, the AR of BB aerosols can be affected by the BB materials and combustion conditions as well (Hallett et al., 1989; Dinh et al., 1992) . Fig. S3 shown the timeseries of PM 2.5 and BC mass concentration, and the average of PM 2.5 and BC during whole observation was 71.36 and 5.43 µg m -3 .
The observed aging (or transport) and freshness of BB aerosols during the sampling period can be further inferred from satellite measurements. Figs. 5(a) and 5(b) show 4 days composed MODIS (Moderate Resolution Imaging Spectroradiometer) aerosol optical depth (AOD) data and wind streamlines for the periods of March 13-16 and March 17-20, respectively, while AOD data is composed from MODIS Terra and Aqua and wind data (10 m) from ECMWF (European Centre for Medium-Range Weather Forecasts). As mentioned above, DAK was on the edge of a high-pressure system during March 14-15. Shown in Fig. 5(a) , DAK was located on the eastern edge of a regionally distributed aerosol mass centered at southern Myanmar, with a maximum AOD of ~1.5. The prevailing wind in DAK revealed westerly from the massive aerosols in south Myanmar, which implies that aerosols observed during March 13-16 in DAK were possibly mixed with aging aerosols transported from outside of DAK. Fig. 5(b) shows AOD around DAK region is relatively lower (~0.8) than AOD outside DAK in March 17-20, which implies there was no significant aerosol source near DAK and the observed aerosols were mainly locally produced. These implications consist with the conclusions inferred from GMD and AR analysis.
Diurnal Variation of CN Concentration, GMD, BC Mass Concentration, and CCN Activity in DAK
The CCN activity, GMD, and CN concentration of BB aerosols in DAK showed a strong diurnal cycle during the observation period. As seen in Fig. 6(a) , the AR in the morning was generally high (0.6-0.8 at SS = 0.6%) and reached a peak value before noon. AR gradually then decreased and approached a minimum of 0.4-0.5 (SS = 0.6%) at about 17:00 to 18:00. This pattern correlates with the pattern of the GMD (R 2 = 0.472), while it behaves oppositely to the pattern for CN illustrated in Fig. 6(b) . The observed diurnal patterns of the AR, GMD, and CN concentration are mainly due to cyclic local burning behavior, boundary layer thickness, and local wind profile. According to the fire-count data monitored by Terra and Aqua (cf. Fig. S2 ), the number of fire events in the afternoon is always higher than that in the morning. This behavior directly supports the observed higher CN concentration and a smaller GMD in the afternoon. On the other hand, the boundary layer descends in the evening. Therefore, the CN concentration drops marginally and stays at ~9000 # cm -3 during midnight even though the number of fire events decrease at night. In the early morning, the thickness of the boundary layer starts to expand as the ambient temperature increases, resulting in dilution and a decrease in CN concentration. In summary, the diurnal pattern of CCN activity, GMD, and CN concentration from noon to about 18:00 were mainly influenced by fire counts, and the effect of boundary layer elevation became dominant during the night and in the early morning. Furthermore, the cyclic pattern of wind velocity suggests a potential scenario in which enormous amounts of fresh BB aerosols generated in the afternoon travels downstream and low wind speed during the night induces the local accumulation of BB aerosols. Therefore, the BB aerosols measured in the morning could include part of the BB aerosols generated locally on the day before. The aging process proceeds at night, and part of the aged BB aerosols travels from other upstream BB source regions. At the same time, the diurnal pattern of BC mass concentration and BC/PM 2.5 ratio is relatively flat (Fig. 6(c) ), also implying that the BB aerosols measured before March 17 constituted local fresh BB aerosols and is partially mixed with the transported or aged BB aerosols.
Similar patterns of CCN activity, GMD, and CN concentration were observed in the diurnal cycles after March 17 (Figs. 6(d)-6(f) ). The correlation between GMD and AR was high. The linear R 2 could increase up to 0.708. However, the AR value was smaller and the CN concentration was higher than those observed before March 17. In comparison with the patterns before March 17, both the CN and GMD diurnal patterns showed a steeper change (Fig. 6(e) ). The minimum GMD lowered to 89 nm, and the nadir occurred earlier at noon. These phenomena thus also demonstrated that the BB aerosols measured after March 17 was relatively fresh.
Previous studies using aethalometer measurements have suggested that certain organic aerosol components such as aromatic organic species of wood smoke or BB aerosols have enhanced UV absorption at 370 nm, relative to that at 880 nm (Jeong et al., 2004; Park et al., 2006; Sandradewi et al., 2008; Kumar et al., 2011; Wang et al., 2011; Yu et al., 2014) . Therefore, the ratio between BC concentrations measured at wavelengths of 880 nm (BC 880nm ) and 370 nm (BC 370nm ), also known as UVBC, as well as the Delta-C value (BC 370nm −BC 880nm ) were calculated and plotted in Fig. 7 . Yu et al. (2014) reported that the slope of the equation for the regression between BC 370nm and BC 880nm is 0.95 for the non-BB period and 1.29 for the BB period, which correspond to BC 880nm /BC 370nm values of 1.05 (non-BB) and 0.77 (BB) here. As seen in Fig. 7 , the BC 880nm /BC 370nm for the entire observation period was always less than 1.0, and the mean ratio during March 17-19 further dropped to 0.72 ± 0.05. The mean Delta-C values, a qualitative indicator for biomass smoke, after March 17 are almost double the mean value before March 17 and demonstrated a wider diurnal variation. These results indicate that stronger BB events or fresher BB aerosols were measured on March 17-19, especially in the afternoon. In addition, the significant peak of UVBC and the collocated dip of the Delta-C diurnal curve observed routinely during 6:00 to 11:00 (local time) after March 17 may be the result of evaporation of semivolatile OC due to dilution and/or photochemical reactions with less quantities of fresh BB aerosol in the morning. In short over the Southeast Asian BB source regions, the observation of UVBC implied that organic chemistry could still play an imperative role here to CCN activity. Fig. 8 shows the diurnal variations of the CCN's κ value. Both κ diurnal profiles before and after March 17 had a welldefined afternoon minimum, and the profile was relatively flat after March 17. Similar to the CN concentration, GMD, and BC mass concentration, the κ diurnal pattern was greatly affected by fire counts. The low κ values in the afternoon might be the result of the rising production of fresh BB aerosols from local BB activities. These low κ values from two different observation periods converged to 0.05, whereas κ values in the morning (4:00 to 12:00, local time) were very different. These different values might be due to mixing with transported or locally aged BB aerosols and/or photochemical aging; however, the relative strengths of these processes are different. In summary, the κ value before March 17 showed a more obvious diurnal variation, and overall average κ value decreased significantly from 0.128 ± 0.259 to 0.049 ± 0.032 after March 17 (p < 0.
001, t-test).
In many studies, the reported size-resolved κ values generally increase with particle size. This increase was explained by the coating with more hygroscopic materials such as sulfate and nitrate during atmospheric transport and by the presence of more hydrophobic organics in the smaller particles Rose et al., 2010; Hung et al., 2014; Yue et al., 2016) . In other words, the chemical composition of CCN could be a function of particle size, especially after atmospheric transformation. Although the overall AR from DAK is strongly correlated with the GMD of a PSD, the κ values derived at different D act values seem to be invariant (Fig. 9) . Therefore, we suspect that the chemical compositions of CCN with different sizes in a BB source region are relatively homogeneous. The overall average κ (0.096) for the observation period before March 17 was very close to the κ value of SOA formed after photoaging (0.11), which was reported by Engelhart et al. (2012) in their UV chamber study. Thus, fractions of the BB aerosol measured before March 17 could undergo photochemical reactions. On the other hand, very low κ values (0.05) for different sizes after March 17 indicate that fresh BB aerosol in the source region was very hydrophobic. Coincidentally, we also observed the large fraction of UVBC and high Delta-C, which correlate well with the amount of particulate organic matter (cf. Fig. 7 ) (Carrico et al., 2005) . These findings are consistent with previous studies on water uptake of carbon-dominated aerosols (Petters et al., 2009; Carrico et al., 2010; Dusek et al., 2011; Engelhart et al., 2012) .
To compare the CCN activities in different BB source regions, κ values measured in various field campaigns are summarized in Table 1 . However, the κ-Köhler theory was proposed in 2007, and only the field studies after then reported κ values. Therefore, few κ values before 2007 summarized here are estimated based on their ground-based H-TDMA experimental results in the BB source regions. We found that, except those from the work of Rose et al. (2010) in Guangzhou (China), the κ values derived from groundbased observation of BB aerosols are generally less than 0.1. Furthermore, the very low κ values obtained in this study (0.05-0.08) agree well with those estimated from H-TDMA measurements (0.07-0.08) in the Amazonian region in Brazil (Rissler et al., 2004 (Rissler et al., , 2006 . These very low κ values were attributed to the organic species dominating over the inorganic species that would be otherwise responsible for high hygroscopic growth factors. Rissler et al. further suggested that the relatively high molecular weight and the low degrees of dissociation of these organic compounds limit their water uptake, even though they could be watersoluble. Although detailed chemical characterization of CCN was not performed in this study, the large fraction of UVBC and high Delta-C derived through AE31 measurements could be supplemental indicators and could support this explanation.
Previous studies have indicated that BB pollutants are transported from Southeast Asia to South Asia by largescale atmospheric circulation systems (Chen et al., 2002) . Recent studies further suggest that these pollutants may be transported downwind to the vicinity of Taiwan at high altitude (Wai et al., 2008; Sheu et al., 2010; Ou Yang et al., 2012; Lin et al., 2013) . Therefore, the CCN ARs were monitored by the LABS concurrently with DAK during the observation period. On the basis of the backward trajectory analysis using the NOAA ARL HYbrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model v.4 ( (Draxler and Rolph, 2003) ; HYSPLIT4 Model access via http://www.arl.noaa.gov/ready/hysplit4.html, Air Resour. Lab., Natl. Oceanic and Atmos. Admin., Silver Spring, MD.), there were two events affected by the long-range transport of BB aerosols from Southeast Asia (cf. Fig. S4 ). As seen in Fig. 10 , the variation of AR at different SS values is less significant compared with that in the BB source region, especially in the high range of SS values. The different ARs in the BB source and receptor regions were observed only in the low range of SS values and only with lower AR values. The possible explanation for this finding is that the aged CCN in the high-AR ranges could already be activated and partially eliminated during long-range transport.
CONCLUSIONS
In this study, we intensively monitored the number concentrations of CCN and CN, the particle number size distributions at ambient conditions, and the mass concentrations of PM 2.5 and BC during the 2013 BASELInE campaign over northern SEA (DAK, Thailand). Cyclic particle growth from Aitken to accumulation sizes shortly after noontime was consistently observed (cf. S5). The CCN activity of BB aerosols in terms of AR and hygroscopicity (κ value) was further investigated in detail and analyzed with the diurnal variation of other variables such as fire counts, particle size, BC mass concentration, and Delta-C values. κ values in Southeast Asian BB source regions based on ground-based measurements are very rare and are valuable The κ value was calculated from the growth factor by using the equation of Dusek et al. (2011) . to global climate modeling studies and to studies on CCN. The findings in this study are as follows: 1. The aerosol properties measured near the BB source regions (CN, GMD, BC, AR, and κ values) have a strong diurnal pattern. This diurnal variation was directly related to the number of neighboring fire events and to cyclic changes in boundary layer thickness. 2. The AR before March 17 was 0.65 ± 0.16 (SS = 0.6%). It may be the result of BB aerosols mixing with transported aerosols or local photochemical aging of aerosols, which lead to large particle sizes (GMD = 125.7 ± 8.7 nm) and higher κ values (0.08 ± 0.10). 3. The AR after March 17 was 0.52 ± 0.13 (SS = 0.6%). It may be the result of fresh BB aerosols, which generally correlated with smaller particle sizes (GMD = 106.6 ± 9.5 nm) and demonstrated low hygroscopicity (κ = 0.05 ± 0.03). 4. A large fraction of UVBC (0.73 ± 0.02) and high Delta-C (2111.8 ± 632.4 ng m -3 ) were observed after March 17. These suggest that the dominant, fresh BB aerosols respond to very low κ values.
5. The κ value in SEA near the source regions was low but comparable with previous values from CCN studies in other BB source regions (Table 1) . Although detailed chemical analysis of BB aerosols was not performed, the AE31 measurements indicated that it could be attributed to the domination of organic species of aerosols in the BB source region. 6. The AR for BB events at the receptor site (LABS) did not change substantially compared with that for the BB source region. The aged CCN in the high-AR region could already be activated and partially eliminated during long-range transport.
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